The properties of the rat submaxillary gland (RSMG) virus haemagglntinin and its serum antihaemagglutinin, and their incidence and relative titres in gnotobiotic and conventional Sprague-Dawley rats of various ages were investigated. The haemagglutinin was stable at -55 ° for as long as 21 years and retained its activity after z hr at 6o °. Various carbohydrases and cobra venom had no effect upon its titre; however, 2 × crystallized trypsin and pronase reduced the titre substantially. The haemagglutinin was not recovered from the submaxillary glands of rats less than 8 weeks of age, though 3-, 5-, and 6-week-old animals had low serum antihaemagglutinin titres. A general correlation was observed between the haemagglutinin and antihaemagglutinin titres of the animals; higher serum antihaemagglutinin titres occurred in those rats with higher haemagglutination titres. No significant difference was usually seen between the haemagglutination titres of gnotobiotic and conventional rats of the same age. The antihaemagglutinin titres of some conventional rats, however, tended to be two-to fourfold greater than those of gnotobiotic animals of comparable age with identical haemagglutination titres. Sera which were heated at 56° for 3o min. absorbed with kaolin, incubated with trypsin, potassium or sodium periodate, or receptordestroying enzyme showed no reduction in their antihaemagglutinin titres. Sucrose density-gradient centrifugation studies indicated that the antihaemagglutinin was associated with the 7 S fraction; however, some sera showed antihaemagglutinin activity in the 19 S fraction. The haemagglutinin of rat submaxillary gland virus was not inhibited by antisera prepared in mice against reovirus 3, Kitham's rat virus, Toolan's H-I virus or Crawford's minute virus of mice.
INTRODUCTION
During an extensive screening of gnotobiotic rats for the presence of viruses, a transmissible cytopathic agent was isolated from the submaxillary glands but not from any other tissues or specimens taken from apparently healthy animals (Ashe, Scherp & Fitzgerald, I965) . Because of its apparently exclusive association with these glands and because its properties were distinctly different from other indigenous rat viruses, this agent was provisionally designated rat submaxillary gland virus. One of the distinguishing properties associated with this virus was the ability of infected rat submaxillary gland extracts to agglutinate specifically the erythrocytes of weanling rabbits at 4 °. The haemagglutination titres of naturally infected rat glands roughly paralleled their virus infectivity titres. However, ultracentrifugation and cell culture studies indicated that the haemagglutinin was associated with, but separable from, the infectious virus. In addition, the serum of several naturally infected gnotobiotic rats not only neutralized the virus in vitro, but also inhibited the haemagglutinin. The present investigation was undertaken to study some of the properties of this virusassociated haemagglutinin and its serum antihaemagglutinin, and to compare their incidence and relative titres in apparently healthy gnotobiotic and conventional Sprague-Dawley rats of various ages.
METHODS
Rats. Gnotobiotic Sprague-Dawley rats ranging from 3 weeks to over 12 months of age were randomly selected and supplied by Dr R.J. Fitzgerald. Conventional Sprague-Dawley rats of the same age range were obtained from the Animal Production Section of the National Institutes of Health. All animals were apparently healthy at the time they were killed, as indicated by the absence of overt signs of microbial or virus infection.
Tissue filtrates. Immediately upon receipt each animal was exsanguinated by cardiac puncture. The submaxillary glands were removed aseptically, triturated with sterile sand, and a IO % suspension was prepared in Earle's balanced salt solution. Each suspension was clarified by centrifugation at 7oo g for IO min. The supernatant fluid was recentrifuged at I ooo g for 15 min. and filtered through a 450 m/* Millipore filter. This filtrate was taken as unity in computing the haemagglutination (HA) titres.
Sera. The blood of individual rats was allowed to clot and the serum was separated from the clot and centrifuged at 1ooo g for IO min. The centrifuged serum was collected and stored at -20 ° until tested.
Mouse antisera to reovirus 3 (Rosen, I96O), Kilham's rat virus (Kilham & Olivier, I959), Toolan's H-I virus (Toolan, I96O) , and Crawford's minute virus of mice (Crawford, 1966) were obtained from Dr J. I. Hercules of Microbiological Associates, Inc., Bethesda, Md.
Rabbit antiserum to rat submaxillary gland virus and pre-immunization rabbit serum were the same as those used in a previous study (Ashe et al. 1965) . The antiserum was from a rabbit that had been immunized with rat submaxillary gland virus passaged once in HeLa cell cultures.
Before their use in haemagglutination inhibition tests, all sera were routinely incubated at 56 ° with trypsin (Nutritional Biochem. Corp., Cleveland, Ohio, I : 3oo, 9"6 mg./ml.) in phosphate-buffered saline at pH 8.2, oxidized with o.oi I i aqueous potassium or sodium periodate, and neutralized with 1% glycerol-saline solution. In addition, representative gnotobiotic and conventional rat sera were also absorbed with 25 ~/o (w/v) kaolin and incubated with receptor-destroying enzyme (RDE) of Vibrio eholerae (Microbiological Associates, Inc., Bethesda, Md.) These various procedures inactivate non-antibody serum inhibitors of the haemagglutination reaction of a number of viruses, but have no substantial effect upon classical antibodies (Fiset, 1964) .
Enzymes. /?-amylase, /?-glucosidase, fl-galactosidase, /?-glucuronidase, and twice crystallized trypsin were obtained from the Nutritional Biochem. Corp., Cleveland, Ohio. They were dissolved in Earle's saline at pH 7"5 to a concentration of IO mg./ml. Pronase, grade B (Calbiochem Corp., Los Angeles, Calif.) and lyophilized Naja haje venom (Ross Allen Reptile Institute, Silver Spring, Florida) were also dissolved in Earle's saline at pH 7"5 to a concentration of Io and 2 mg./ml, respectively. Hyaluronidase (Worthington Biochem. Corp., Freehold, N.J.) was dissolved in KH~PO4 at pH 6-I to a concentration of io mg./ml. All of the above enzymes were tested with appropriate substrates before their use in the present experiments and were found to be active at the concentrations indicated in the text.
Rabbit erythrocytes. The erythrocytes of 6-to I2-week-old New Zealand white (NIH) strain rabbits were used, since erythrocytes of animals more than I2 weeks of age tended to agglutinate spontaneously. Blood obtained by cardiac puncture was collected in four volumes of Alsever's solution. The erythrocytes were sedimented by centrifugation at 700 g for Io min. and stabilized by washing twice in Earle's saline (without phenol red) supplemented with 0"3 % (w/v) bovine serum albumin. A 1% suspension of the washed erythrocytes was prepared in this diluent for use in the haemagglutination and haemagglutination inhibition experiments.
Haemagglutination tests. Serial twofold dilutions of tissue filtrate were prepared in o'4 ml. of Earle's saline without phenol red or bovine serum albumin, contained in Kahn tubes. Two-tenths ml. of the 1% suspension of rabbit erythrocytes was added to each tube and the mixtures were shaken and placed at 4 ° . The results were read by the pattern method described by Chanock & Sabin 0953) after I2 to I8 hr. Haemagglutination (HA) titre is expressed as the reciprocal of the highest dilution producing I + agglutination and this dilution was taken as one HA unit. Appropriate erythrocyte controls consisting of 0. 4 ml. of Earle's saline and o-2 ml. of erythrocytes were prepared for each test.
Haemagglutination inhibition tests. Serial twofold dilutions of serum were made in
Earle's saline without phenol red or bovine serum albumin and 8 to I6 HA units of haemagglutinin in o.2 ml. of Earle's saline was added to an equal volume of each dilution of serum. The mixtures were incubated at room temperature (23 °) for 2 hr and 0.2 ml. of a z % suspension of rabbit erythrocytes was added to each tube. The mixtures were shaken and placed at 4 ° and the results were read after 12 to 18 hr by the pattern method as indicated above. The HI titre of a serum is expressed as the reciprocal of the highest dilution causing complete inhibition of haemagglutination. Appropriate serum, haemagglutinin, and erythrocyte controls were prepared for each test.
RESULTS

Stability of the haemagglutinin at various temperatures
Infected rat submaxillary gland filtrates stored at -55 ° for as long as 21 years retained their initial HA titres. However, frequent thawing and refreezing resulted in a decrease in titre. Similarly, storage at 4 ° for prolonged periods resulted in a gradual loss of activity. The haemagglutinin was not inactivated by exposure to 6o ° for 2 hr. Heating infected filtrates at 84 ° gave variable results. The HA titre of some filtrates was reduced to < IO within 6o min. while the titres of others were either not substantially reduced or increased two-or fourfold after this treatment (Table 0. !-2 w.K. ASHE
Effect of various enzymes on haemagglutination titre
To determine the effect of various enzymes on the haemagglutination titre of the rat submaxillary gland virus, infected rat submaxillary gland filtrates were incubated at 37 ° with an enzyme for 6o min. The incubation mixture was then diluted with an equal volume of a 1/2o dilution of normal rabbit serum free of nonspecific inhibitors of rat submaxillary gland virus haemagglutinin. The HA titre of the mixture was determined and compared with a control incubation mixture consisting of the virus and Earle's saline instead of the enzyme. The various carbohydrates tested and cobra venom had no effect on the HA titre of the rat submaxillary gland virus. However, twice-crystallized trypsin and pronase (Hashimoto et al. 1963 ) produced a substantial reduction in the HA titre of the virus. * Number of gnotobiotic rat.
Incidence and relative titre of the haemagglutinin of the rat submaxillary gland virus in rats of various ages
The HA titre of rat submaxillary gland filtrates infected with rat submaxillary gland virus was not affected by incubation at 6o ° for 2 hr ( Table I ), indicating that the haemagglutinin is heat-stable. This virus-associated haemagglutinin is thus distinguished from heat-labile haemagglutinins associated with normal mouse or rat tissues (Salaman, 1948; W. K. Ashe, unpublished data) . Accordingly, resistance to inactivation at 6o ° for 2 hr was used as a marker for the rat submaxillary gland virus haemagglutinin in the submaxillary glands of the rats used in the present study. In addition, the haemagglutinin was further identified by testing filtrates of the submaxillary glands of representative rats with rabbit antiserum to the rat submaxillary gland virus in haemagglutination inhibition tests. The haemagglutinin was not detectable in the glands of gnotobiotic rats 6 weeks of age or less. It was, however, present in the glands of four of eight 8-week-old rats tested. The number of animals with the haemagglutinin increased according to the age groups tested until all of the animals 5 or more months of age were HA-positive. Though the range of the titres increased in proportion to the age of the animals tested, the absolute titres of the individual rats in the various age groups above 6 weeks overlapped (Table 2) . Similar results were obtained with rats bred and maintained under conventional environmental conditions. However, the haemagglutinin was detected in the salivary glands of one conventional animal in the 4-week-old group (Table 2) . No other differences were observed between gnotobiotic and conventional rats. These results indicate that the conditions under which the animals were bred and maintained had no substantial effect upon the appearance of this virus-associated haemagglutinin in their submaxillary glands. 
Haemagglutination inhibition studies
The sera of representative rats from the age groups in Table 2 were tested against pool G 3o5 of gnotobiotic or pool C I2 of conventional rat submaxillary gland filtrates which were infected with the rat submaxillary gland virus as indicated by serial passage on primary culture of rabbit kidney cells (Ashe et al. 1965) . The HA titre of both pools was 2o,48o/o-I ml. Gnotobiotic rats with a mean HA titre of less than IO had correspondingly low serum HI titres (< 1o to It). On the other hand, groups of gnotobiotic animals with mean HA titres ranging from 290 to 11,455 had HI titres ranging from It to 32o. A rough correlation existed between the HA and HI titres of individual animals for the higher HI titres (4o to 32o) were seen in those animals with the higher HA titres (128o to 4o,96o). No significant differences were usually observed between gnotobiotic and conventional rats, though the HI titres of some conventional rats were two-to fourfold greater than those of gnotobiotic rats of the same age with the same HA titres (Table 2) .
To determine the sedimentation properties of the antihaemagglutinin, the sera of naturally infected gnotobiotic and conventional rats were ultracentrifuged through a w.K. ASHE sucrose gradient according to procedures described by Mergenhagen, Notkins & Evans (1966) . The HI titres of the individual fractions were determined as described for unfractionated serum. The HI activity of gnotobiotic rat serum was predominantly associated with proteins which sedimented in the region of the gradient which would contain 7 S antibodies. With some sera, however, relatively low HI titres were also observed in fractions which contained proteins with sedimentation properties characteristic of 19 S antibodies. These latter sera were usually, but not always, those of young rats. Similar results were obtained with conventional rat sera (Table 3) . 
HI test with antisera against other viruses
Although the properties of the rat submaxillary gland virus distinguish it from other known indigenous rat viruses (Ashe et al. 1965 ) the possibility that it might be a variant of one of these viruses was considered. To test this possibility haemagglutination inhibition tests were performed with rat submaxillary gland virus pool, G 305 and antisera prepared in mice against several viruses which may produce active or latent infections in rats. Antisera prepared against reovirus 3 (Rosen, I96O), Kilham's rat virus (Kilham & Olivier, 1959) , H-I virus (Toolan, i96o) , and minute virus of mice (Crawford, 1966) inhibited their homologous viruses in high titre, but did not inhibit rat submaxillary gland virus haemagglutination (Table 4 ). The rat submaxillary gland virus is thus immunologically different from these viruses; however, whether antiserum to the rat submaxillary gland virus will inhibit these viruses has not yet been determined.
